A COMMUNICATION SYSTEM TRANSMIT 
POWER CONTROL METHOD 

Field of the Invention 

The invention relates to the field of connmunication systems, and 
more particularly, to a code division multiple access (CDMA) 
communication system. 

Background of the Invention 

In a CDMA system, the target frame error rate (tFER) for voice 
service is 1%, and the tFER for circuit data service can be as low as 
0.01 %. Figures 1 , 2 and 3 are plots of the performance of a 
communication system receiver FER according to a prior art 
communication system transmit power control method at different doppler 
frequencies 3km/hr, 30 km/hr and 120 km/hr, respectively, at a tFER of 
0.1%. As can be seen in the Figures, for the given values of outer loop 
power control threshold (OLT), the received FER does not closely track the 
tFER. Thus, there is a need for a communicaiton system transmit power 
control method that provides OLT values that will enable the received FER 
to more closely track the tFER. 




Brief Description of the Drawings 

FIG. 1 is a plot illustrating how the received FER tracks a tFER of 
0.1% for given values of OLT at a doppler frequency corresponding to 3 
km/h according to a prior art communication system transmit power control 
method. 

FIG. 2 is a plot illustrating how the received FER tracks a tFER of 
0.1% for given values of OLT at a doppler frequency corresponding to 30 
km/h according to a prior art communication system transmit power control 
method. 
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FIG. 3 is a plot illustrating how the received FER tracks a tFER of 
0.1% for given values of OLT at a doppler frequency corresponding to 120 
km/h according to a prior art communication system transmit power control 
method. 

5 

FIG. 4 is a plot illustrating how the received FER tracks a tFER of 
0.1% for given values of OLT at a doppler frequency corresponding to 3 
km/h according to the communication system transmit power control 
method of the present invention. 

10 FIG. 5 is a plot illustrating how the received FER tracks a tFER of 

0.1% for given values of OLT at a doppler frequency corresponding to 30 
km/h according to the communication system transmit power control 
method of the present invention. 

FIG. 6 is a plot illustrating how the received FER tracks a tFER of 
15 0.1% for given values of OLT at a doppler frequency corresponding to 120 
km/h according to the communication system transmit power control 
method of the present invention. 

FIG. 7 is a plot illustrating how the received FER tracks a tFER of 
0.01% for given values of OLT at a doppler frequency corresponding to 3 
20 km/h according to the communication system transmit power control 
method of the present invention. 

FIG. 8 is a plot illustrating how the received FER tracks a tFER of 
0.01% for given values of OLT at a doppler frequency corresponding to 30 
km/h according to the communication system transmit power control 
25 method of the present invention. 

FIG. 9 is a plot illustrating how the received FER tracks a tFER of 
0.01 % for given values of OLT at a doppler frequency corresponding to 1 20 
km/h according to the communication system transmit power control 
method of the present invention. 
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FIG. 10 is a functional block diagram of the transmit power control 
metliod of the present invention. 



Detailed Description of the Preferred Embodiment 

5 The preferred embodiment of the present invention provides a 

method for adjusting an OLT for power control, which is capable of closely 
tracking a low tFER. In addition, the preferred embodiment provides a 
power control method for PER requirements with large dynamic range with 
consistently good performance using the same algorithm structure and 
10 parameter set. The power control method reduces the complexity of system 
*Q implementation, calibration and maintenance. 

In the method, the OLT is adjusted based on frame quality indicator 
:^ (PQI) and channel quality metrics. PQI and channel quality mtrics are 

M generated at the receiver of a base transceiver station after reception of a 

15 frame. If PQI equal to a logic zero was generated, the OLT is adjusted 
y upwards using a first stepsize. If PQI equal to a logic one was generated 

y for a certain amount of consecutive frames, the OLT is adjusted 

5 downwards using a second stepsize. The OLT is also fine-tuned during the 

intervals between the transitions caused by applying the first stepsize or 
20 second stepsize. The first and second stepsizes and the amount of 
consecutive frames of PQI = 1 before OLT is adjusted downwards are 
determined adpatively according to time-varying channel conditions and 
received frame quality indicator. 

Improved performance of tracking tPER according to the invention is 
25 shown in PIGs 4-9, As shown, a large dynamic range of low PER 
requirement is provided. Purther, as shown in PIGs, 7-9, the method of the 
present invention produces a received PER that tracks a tPER of 0.01%. 
Prior art methods have been unable to track such a low tPER. 

OLT is used in a communication system receiver as a benchmark of 
30 received signal to noise and interference ratio in the generation of power 



3 



control bits (PCB). PCB are then sent to the mobile station to adjust the 
transmit power. Fading in the radio channel is thus compensated and a 
signal to noise and interference ratio is targeted at the receiver. However, 
this closed loop operation is not perfect in practice due to the delay 
involved in the generation and transmission of PCB, and due to the 
unreliable transmission of PCB over radio medium. Therefore, the 
determination of the OLT needs to account for not only the tFER, but also 
for the channel conditions of the call. 

In the preferred embodiment of the method of the present invention, 
the OLT is calculated based on frame quality indicator FQI and channel 
quality metrics. FQI and channel quality metrics are generated at the 
receiver of a base transceiver station after reception of a frame. FQI 
carries information relating to whether a frame passes a CRC check 
(FQI=1) or fails the CRC check (FQI=0). FQI is then used to calculate the 
received frame error rate (mFER) using a known method. In the preferred 
embodiment, channel quality metrics can be the ratio of the bit energy to 
the power spectrum density of noise and interference (Eb/Nt) or its 
equivalent like channel bit error rate. Preferably, Eb/Nt is measured using 
the Turbo decoder's soft input and output in the following equation: 
Eb/Nt = (Zi=i^sgn(Oafrii)) /nr/))'/ (Zi=i^ \n{\f- {Ti=i''sgn{Out(i)) ln(i)fy 

ln(i) and Out(i) are soft input and output corresponding to systematic bits; N 
is the number of systematic bits in a frame; and sgn() is a sign function with 
output 1 when theargument is positive and with output -1 otherwise. 

Once FQI, Eb/Nt and mFER are known, the method looks at 
whether FQI = 0 was received. If FQI = 0 was received, the OLT is 
adjusted upwards by a stepsize upDelta as follows: 
OLT(n) = OLT(n-1)XupDelta. 

If FQI = 1 was received for an adaptively determined amount of 
consecutive frames, "goodDuration," the OLT is adjusted downwards by a 
stepsize dnDelta as follows: 



• 




OLT(n) = OLT(n-1)/dnDelta, 



(3) 
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In equations (2) and (3) upDelta, dnDelta and goodDuration are not preset 
constants in the present invention. Rather, they are adaptively determined 
based on channel conditions and the nnFER. In this manner, the tFER can 
be tracked with economic use of the transmit power, since the process of 
adjusting transmit power takes into account the degree of fading of a time- 
varying channel. One way of quantifying the fading condition is by 
measuring the minimum and average of Eb/Nt, minEbNt and avgEbNt, over 
a certain amount of frames (16 frame moving average). The degree of 
fading can be indicated using the ratio between the minEbNt and the 
avgEbNt and the current Eb/Nt. The stepsizes upDelta and dnDelta used in 
adjusting the OLT in equations (2) and (3) can then be determined using 
these measurements to allow an appropriate margin of transmit power to 
combat a current fading situation. For example, upDelta, the stepsize used 
to increase OLT, can be chosen to be proportional to the ratio of the current 
Eb/Nt over the average Eb/Nt as follow: 

upDelta = baseUpDelta • EbNt/ avgEbNt (4) 

The equation takes advantage of the fact that deeper fadings occur less 
frequently. dnDelta, the stepsize used to reduce the OLT after receiving 
"goodDuration" consecutive good frames, can be similarly chosen 
proportional to the ratio of the average Eb/Nt over the minimum Eb/Nt as 
follows: 

dnDelta = baseDnDelta • avgEbNt / minEbNt. (5) 

baseUpDelta and baseDnDelta are scaling units. The baseUpDelta and 
baseDnDelta may be predetermined. The value of goodDuration is 
determined based on the comparison of mFER to tFER as follows: 
goodDuration = mFER / tFER^. (6) 

Returning to the method, if FQI = 0 was received, upDelta is 
calculated using equation (4) and then used to adjust the OLT upwards in 
equation (2). If instead, FQI = 
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1 was received for "goodDuration" consecutive frames. downDelta is 
caluclated using equation (5) and then used to adjust the OLT downwards 
in equation (3). 

The OLT is also fine-tuned by a predeternnined constant, 
5 "floatDelta," during the intervals between the transitions caused by applying 
upDelta or dnDelta. Let fadeDepth(i) denote the ratio of avgEbNt/minEbNt 
measured continuously with a time interval of a certain amount of frames 
m, then every m frames: 

OLT(i)^ OLT(i-1) • floatDelta, when fadeDepth(i) > fadeDepth(i-l) (7) 
10 and 

OLT(i) = OLT(i'1)/ floatDelta, when facleDepth(i) < fadeDepth(i-l) (8) 

The term fadeDepth quantifies the fading condition; the larger the value, 
the deeper the fading. FadeDepth (i) denotes the current measurement of 
the fading; fadeDepth {i-1) denotes the previous measurement of the 
15 fading. With this fine-tuning, the process of adjusting transmit power can 
react to the small fluctuations of fading timely and conservatively. 

Fig. 10 is a functional block diagram of the transmit power control 
method 10 of the present invention. As described above, the method 
receives the FQI 12, Eb/Nt 14 and tFER 16 and calulates an OLT 18. The 

20 OLT 18 is compared with a chip energy to power spectrum density of noise 
and interference quanitity, Ec/lo, 24 generated by a PICH Energy 
Estimation block 22 using pilot chips 20. The output of the comparison is 
the power control bit (PCB) 26. If the Ec/lo is greater than the OLT 18, the 
RGB 28 is set equal to 1 and sent by block 28 to the mobile stations to 

25 decrease the transmit power. If the Ec/lo is less than the OLT 18, the PCB 
28 is set equal 0 and sent to the mobile stations to increase the transmit 
power. 

Those skilled in the art will recognize that various modifications and 
variations can be made in the method of the present invention without 
30 departing from the scope or spirit of this invention. The invention may be 
implemented in a CDMA system operating according to any of the known 
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standards such as 2G and 3G CDMA standards (IS-95A, B and IS-2000, 
3GPP WCDMA). 
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